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I. Introduction_. 

This report is an informal status report covering the period from the 
/ 

date of Status Report No. 1 of Augyst 6, 1963 to'Novpber 15, 1963. 

Report No. 1 established that the formation of brick dust polymers of the 

poly-Schiff's-base type could be avoided by reacting polyaminoaryl compounds 

with polycarbonyl compounds in a melt system to obtain black conjugated 

polymers establishing the correctness of the concept on which the research 

was postulated. Studies on the deficiencies of the melt and solution pro- 

cesses led to the discovery of a new chemical reaction which we have termed 

the Schiff's-base exchange. 

mental modifications of the Schiff 's-base exchange, namely, (1) the carbonyl 

exchange as illustrated by an aldehyde, (2) a base exchange as illustrated 

by an aryl amine, and (3) a bis-exchange as illustrated by two Schiff's 

bases to produce two different Schiff's bases. 

successfully through preliminary experiments to include the preparation of 

polymeric Schiff's bases by means of reactants whose functionality was at 

least two. 

Status 
I 

Preliminary studies disclosed three funda- 

This discovery was extended 

The breadth and depth of the Schiff's-base-exchange reaction and 
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the m e l t  process were explored a t  NASA's request  t o  pro tec t  the p a t e n t a b i l i t y  

aspects, and a tabula t ion  of t h i r t e e n  poss ib le  pa ten t  appl ica t ions  were 

submitted as requested. A summary of the intermediates a l ready prepared and 

under preparat ion w a s  a l s o  given. Other poss ib le  syntheses of poly-Schiff 'S 

bases were being considered. 

This S ta tus  Report No. 2 details  the cont inuat ion of (1) new and a l ter-  

na t e  react ions f o r  preparat ion of poly-Schiff ' s  basee, and (2) the  prepa- 

r a t i o n  of monomers required t o  produce t h e  individual  spec ies  of the  types 

of Sch i f f ' s  bases discovered and given i n  S ta tus  Report No. 1. 

11. The Presev.t Research S taf f  of Pro jec t  NASA-Ns 6339. 

G.F. D'Alelio Director  approximately one-half time 
T. Huemmer Research Associate one-half time 
Toshikazu Kurosaki Postdoctoral  f u l l  t i m e  
James Cr ive l lo  Pre doc t o r  a 1 f u l l  time 
W i l l i a m  Fessler  Predoc t o r a l  f u l l  time 
L .I. Beau1 ieu Sec re t a r i a l  one- t h i r d  time 

111. New Acetal Syntheses f o r  Sch i f f ' s  Bases. 

The preliminary study of t h i s  new reac t ion  was given i n  S ta tus  Report 

N o .  1 The reac t ion  postulated as 

k2 > &H=N16 + ROH7\ (eq. 1) 8CH(0R)2 + NH2@ -& 0CHNHlb + ROH? 
k ?R 

(1) (11) 

w a s  s tudied with the  hope that i t  couid be de l ibe ra t e ly  stopped a t  t h e  

intermediate s tage ,  IdtHNH0 (I). 
OR 

I f  t h i s  were possible ,  the reac t ion  could 

be u t i l i z e d  i n  polymer synthesis  t o  keep the  intermediate polymer so luble  t o  

a high molecular weight s tage ,  and t h e r e a f t e r  produce the polymeric-Schiff 's 

base by el iminat ion of a second molecule of a lcohol .  Preliminary experi-  

ments t o  i s o l a t e  the  intermediate (I) were not  successful ;  accordingly,  t he  

following experiments were performed t o  resolve t h i s  pa r t i cu la r  question. 
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A. Aromatic Acetals Reaction with an Aromatic Amlne. 

1. The Reaction of a Monofunctional Aromatic Acetzl with a Mono- 

- -- 

functional Aromatic Amine. 

The reaction of a monofunctional aromatic acetal with an aromatic amine 

was found to proceed directly through a double elimination to a Schiff's 

base (equation 1). This reaction was studied with and without a catalyst. 

The reaction conditions studied with a catalyst were one hour at 55°C; and 

without a catalyst for thirty minutes at 100OC. 

of the Schiff's base (11) was obtained and none of the intermediate (I). 

A qualitative study was made of the elimination race constants, kl and k2 

by a determination sf the amount of alcohol liberated. 

that k2 = kl or k2 > ki, and so no intermediate would be isolable. It was 
also found that 2-toluene sulfonic acid is a more active catalyst than 

zinc chloride. 

In either case a 90% yfeld 

It can be shown 
/-J 

2. The Reaction of a Difunctional Aromatic Acetal with a Monofunctional 

Amine. 

In a study similar.tot$that*.of III.A.l it was also found that the reac- 

tion of a difunctional acetal with an arylamine proceeds directly through 

a double elimination to a Schiff's base as illustrated by the following 

react ion 

The yield of product in the above reaction at the time interval used was 

The reaction products were identified and characterized by infrared 80%. 

spectra and melting points. 

3. Polymerization Reaction of a Difunctional Aromatic Acetal and a 

Difunctional Aromatic Amine. 

A polymerization study was made of xylidenetetraethylether and E- 

phenylenediamine, 
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After seven minutes of reaction at 84”C, ethanol generation was detected. 

A complete melt of the reaction mixture was obtained at 95°C. 

minutes of reaction at 100°C a dark yellow precipitate was obtained. 

After fifteen 

The 

I temperature was ultimately raised to 280°C. A low molecular weight brown 

solid was obtained at the completion of the reaction. This synthesis is 

similar in behavior to a direct condensation of a dialdehyde and diamine, 

and since the elimination rate constant relationships have been shown to be 

k2 = kl or k2 > kl, no quantity of soluble and/or fusible intermediate (1’) 
was isolatable during the course of the reaction. For this reason, a c m -  

a 

parable study was made using aromatic amine hydrochlorides in an attempt to 

isolate the intermediate (1’). 

B. Aromatic Acetal Reaction with an Aromatic Amine Hydrochloride. 

1. Monofunctional Reaction. 

In an attempt to isolate the intermediates discussed above, a study was 

made of the reaction of acetals and amine hydrochlorides in bulk and in 

solution at or below room temperature. The general reaction may be written 

as follows: 

The postulated reaction products, (:IT), (IV), (V), and (VI) were tkien 

neutralized with base, and Table 1 sunimarizes the products obtafned after 

neutralization as a function of the substituent X. 
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;sy hydrolysis of the  products formed, it is poss ib le  t o  explain the 

formation of the  f i n a l  compounds given i n  Table 1. 

Reaction Product (111) Ma2C03(aq) 3 ~ = N C B X  

(eq. 4) OtE”Ox Na2C03(aq) Reaction Product (VI) 

Table 1 

Reaction Product Obtained a f t e r  Neutral- 
i za t ion  f o r  Various X-Substituents on 
Aromatic Amine Hydrochloride, a f t e r  Re- 

ac t ion  with the  Acetal 

X-Substituent Neutral izat ion Product 

-H Acetal and Aniline 
-c1 Schi f f ’ s  Base 
-NH2 *HC1 Schi f f ‘ s  Base 

-NO2 

It was concluded by addi t iona l  da ta  obtained from alkal imetry and inf ra red  

spec t r a  together  with the  da ta  of Table 1, t h a t  i n  all the  cases s tudied 

where reac t ion  occurs, an adduct of the s t r u c t u r e  (111) is f i r s t  formed as 

an  intermediate i n  t h i s  c l a s s  of react ions.  

2 .  Difunctional Reaction. 

Difunctional Aromatic Acetal and monofunctional Amine Hydrochloride 

A study.comparable:to ~III.B.1 was made with a difunct ional  ace t a l  and 

r ing-subs t i tu ted  monofunctional amine hydrochlorides, thus (R0)2CHfJCH(OR)2 

plus  XC6H4NHi OHC1. The proCucts obtained a f t e r  neut ra l iza t ion :  were Sch i f f ’ s  

bases,  except i n  the  case of E-n i t roani l ine  hydrochloride, and thus the  

r e s u l t s  were similar t o  the  r e s u l t s  i n  Table 1. I n  addi t ion,  fu r the r  con- 

f i rmat ion of the  cons t i t u t ion  of the adducts, and t h e i r  hydrolysis behavior, 

w a s  obtained by the  reac t ion  of i n  which X = -H, -C1,  -NO2, 

O N = C H f $ ,  with dry hydrogen chlor ide gas followed by hydrolysis .  =/ c; 
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3. Polymerization Reaction. 

Difunctional Aromatic Acetal with Difunctionel Aromatic Amlne 

Hvdrochl o r ide  . 
Preliminary polymerization s t u d i e s  were made both i n  bulk and i n  so lu-  

t i o n  using paraphenylene diamine dihydrochloride i n  a system similar t o  

t h a t  of III.B.2 above. A bulk ( i . e . ,  an undiluted m e l t )  polymerization was 

run i n  the  temperature range of 220 t o  28OoC under a n i t rogen  atmosphere, 

and a black polymer was obtained, which had some areas of yellow and b lue  

co lora t ion .  

base of low molecular weight was obtained a f t e r  neu t r a l i z ing  t h e  poly-Schiff 's  

base hydrochloride. I n  general, bulk polymerizations with the  amine hydro- 

ch lor ides  produced polymers of higher molecular weight, as evidenced by 

co lor ,  than those obtained i n  eo lu t ion  polymerization. This confirms pre-  

vious experiences with the  f r e e  dialdehyde and diamine. 

d a t a  obtained t o  d a t e  ind ica tes  that it is most improbable, because of the 

s p e c i f i c  rate constants involved, t h a t  t he  des i r ab le  intermediate can be 

i s o l a t e d  from the  r eac t ion  of the a c e t a l  and e i t h e r  t he  f r e e  amine o r  t he  

hydrochloride of t he  amine. However, the  study using a c e t a l s  has l e d  t o  a 

new and previously unknown synthes is  of S c h i f f ' s  bas% (equation 1) which 

w a s  shown not only t o  be widely app l i cab le  as a new syn the t i c  method 

(Table 1) f o r  non-polymeric compounds, bu t  t h a t  it is appl icable  a l s o  t o  

the preparation of polymers. 

I n  so lu t ion  polymerization, a yellow t o  brown poly-Schiff 's  

The experimental 

Further and d i f f e r e n t  syntheses were then made i n  the  attempts t o  con- 

t r o l  t he  general S c h i f f ' s  base r eac t ion  t o  i s o l a t e  a so luble  intermediate. 

It is most i n t e r e s t i n g  t h a t  these new approaches have a l s o  led  t o  new d i s -  

cover ies .  The newest approach was t o  react the  aromatic a c e t a l  with a N- 

s u b s t i t u t e d  amine, wherein t h e  s u b s t i t u e n t  group could possibly undergo 

e l imina t ion  as shown i n  Items C and D below. 
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I n  a l l  these cases,  as in t he  cases of the  S c h i f f ' s  base exchange, the  

reac t ion  of a c e t a l s  with amines o r  t h e i r  salts, the re  exists no da ta  i n  the  

technical  l i t e r a t u r e  on which t o  base an understanding of a polymerization 

reac t ion .  Accordingly, as must be done i n  such cases,  it has been necessary 

t o  study prototype reac t ions  with ordinary low molecular weight organic 

compounds and t o  der ive thereby a mechanism which can be proposed f o r  the 

polymerization system. It is r a t iona l  t o  be l ieve  t h a t ,  i f  a r eac t ion  "goes" 

o r  "does no go'' i n  a simple system, o r  t h a t  a s p e c i f i c  rate constant ,  kl, 

is approximately equal t o  o r  grea te r  than k2 i n  a series of reac t ions ,  the  

same l imi t a t ions  w i l l  be found f o r  t he  same type reac t ion  when it is used 

t o  prepare polymers. I n  a l l  the new systems invest igated,  we have there-  

fo re  f i r s t  evaluated the  proposed r eac t ion  with simple organic compounds i n  

simple non-polymeric systems. 

C. 

1. Monofunctional Reaction. 

The r eac t ion  of a N-substituted amine with an a c e t a l  w a s  s tudied i n  

Reaction of an Aromatic Acetal with an N-Substituted Aromatic Am$=. 

which t h e  N-subst i tut ion consisted of an acyl  group, s p e c i f i c a l l y  CH3CO-. 

Equations f o r  the  proposed react ions may be w r i t t e n  a s  

The r eac t ion  temperature required t o  obtain (11) y ie ld  w a s  found t o  

be i n  the  range of 150-220OC. A t  the  s tar t  of the  react ion,  however, the 

d i s t i l l a t e  w a s  e s s e n t i a l l y  EtOH. As the  r eac t ion  proceeded, the  quant i ty  

of E t a  i n  the  d i s t i l l a t e  became progressively less and t h a t  of EtOCOCH3 

i n  the  d i s t i l l a t e  gradual ly  increased. From t he  da ta  obtained two most 
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important conclusions can be made, namely, that 

a) kl > k2 and 
b) the existence of an intermediate which is soluble and 

fusible in polymerization reactions is highly probable. 

2 .  Polymerization Studies with Difunctional Reagents. 

Polymerization studies were made with difunctional compounds both in 

bulk and in solution using xylidenetetraethylether and 2-(N-diacy1)phenylenc 

diamine. 

was obtained after twenty-four hours at 22OoC, which after additional heating 

for approximately one hour at 3OO0C, resulted in a high molecular weight 

black polymer. 

molecular weight black polymer was obtained directly without thermal post- 

treatment. 

In bulk polymerization without a catalyst a reddish-brown polymer 

When E-toluene sulfonic acid was used as a catalyst, a high 

A high molecular weight black polymer may be obtained, therefore, 

by either a catalyzed or an uncatalyzed system by this new reaction. 

Solution polymerizations were run also in N-methyl pyrolidone with and 

without a catalyst. 

could be obtained in five hours at 22OOC without a catalyst. 

catalyst, an alcohol-soluble yellow polymer was obtained after six hours at 

15OoC, which after isolation and standing overnight in air, became a black, 

high molecular weight polymer insoluble in ordinary organic solvents. 

tion polymerization of diacetals and n-substituted amines thus offers a new 

and most interesting route t o  high molecular weight poly-Schiff's-base 

polymers. This led to experimentation involving the reaction of acetals 

with Schiff's bases as given in the next item, 1II.D. 

It was found that a high molecular weight polymer 

With an acidic 

Solu- 

D. Acetal-Schiff's-Base Exchange. 

This postulated reaction which may be written as 

X-@CH(OR)2 + @CH=Nb + X0CH=N16 + OCH(OR)2 (ea. 6) 

also is  not known in the literature. 
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d i a c e t a l  with aromatic Sch i f f ' s  bases of mono- and diamines. 

1. With Monofunctional Base. 

The exchange r eac t ion  of an aromatic d i a c e t a l  with a S c h i f f ' s  base wss 

s tudied  with a mono-Schiff's base f o r  which t h e  following r eac t ion  can be 

wr i t ten :  
( E t 0 ) 2 C H q C H ( O E t ) 2  L- + 2 o C H = N o  - - :- 

Under t h e  r eac t ion  conditions of four  hours a t  200-220°C a t  atmospheric 

pressure,  a 60% y i e l d  was obtained. The r e s u l t i n g  products w e r e  i d e n t i f i e d  

and charac te r ized  by melting point and inf ra red  ana lys i s ,  confirming t h e  

postulated reac t ion .  

2 .  Polymerization. 

This was inves t iga ted  by the  r eac t ion  of the  d i func t iona l  a c e t a l  above 

wi th  a S c h i f f ' s  base of a d i func t iona l  amine, @CH=NflN=CH@. Bulk polymeri- 

za t ions  were run a t  a) reduced pressure and b) atmospheric pressure.  Under 

both conditions a high molecular weight black polymer w a s  obtained, passing 

through a viscous and so luble  s tage .  The polymer obtained a t  reduced 

pressure  appeared t o  be of higher molecular weight than the  polymer pre- 

pared a t  atmospheric pressure. 

3. Mechanism of the  Acetal-Schiff's-Base-Exchange Reaction. 

A study was made of t he  mechanism of t h i s  new acetal exchange r eac t ion  

with S c h i f f ' s  bases for which the  following mechanism is  now proposed: 

The exchange r eac t ion  was studied with th ree  types of "X" subs t i t uen t s ;  

-H, -C1, and -NO2, with and without a c a t a l y s t .  The reac t ion  temperature 
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was 120°C and the catalyst used was e-toluene sulfonic acid. The reaction 

products were identified by infrared spectra and Table 2 summarizes the 

results in terms of whether or not a reaction occurs. 

Table 2 

Effect of Substituent on Acetal Reaction 
With and Without a Catalyst 

Catalyst Substituent No 
"XII Catalyst 

+ indicates reaction took place - indicates no reaction 
If X is a highly electron-withdrawing substituent, the positive character 

of the attaching carbon of the acetal is enhanced, thus: 
r 

In such a case a catalyst is not always required to promote the reaction. 

Without a highly electron-withdrawing substituent on the acetal, a catalyst 

is needed to promote the reaction, and probably functions as follows: 

Electropositive species may be prepared, therefore, by either incorporating 

an electron-withdrawing group on the ring, or protonation with a catalyst. 

Then, the unpaired electrons on the nltrogen of the Schiff's base attacks 

the positive species as shown in the proposed mechanism. 

This data supports, in part, the proposed mechanism, and can account 

for the existence of the intermediate which is soluble and fusible in the 

polymerization reaction. Further, fundamental information of this kind will 

be most useful and important in the studies concerned with the semi- 
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conductor proper t ies  of the  polymers. 

IV. New S c h i f f ' s  Base Syntheses Using Aromatic Aldehyde and N-Substituted 

Aryl Amines. 

The success of t he  synthes is  of Sch i f f ' s  bases from t h e  acetals and 

I- 

ace tan i l i des  (equation 5) prompted an evaluation of t he  r eac t ion  using the  

aldehyde according t o  the  reac t ion  

dCH0 + CH3COMlfi + I6CH=N0 + CH3COOH (es. 9) 

which was evaluated f o r  both monofunctional and polyfunctional systems, 

even though l i t t l e  hope was held t h a t  i t  would succeed. 

A. Uncatalvzed Systems. 

1. Monofunctional System. 

This r eac t ion  of benzaldehyde with a c e t a n i l i d e  w a s  t r i e d  a t  180-220°C 

f o r  for ty-e ight  hours under nitrogen gas without a c a t a l y s t .  

amount of CH3COOH w a s  detected ind ica t ing  

t o  occur. 

Only a t r a c e  

a re luc tance  f o r  t h i s  r eac t ion  

The major por t ion  of t he  product recovered was s t a r t i n g  material;, 

2. Polyfunctional System. 

This type reac t ion  was then repeated using d i func t iona l  compounds. 

A molar mixture of terephthaldehyde and n-diacyl 2-phenylenediamine was 

heated a t  200% f o r  t h i r ty - f ive  hours under N2 gas with no c a t a l y s t .  

r eac t ion  product was a brown inso luble  polymeric s o l i d ,  whose 13 spec t r a  

d id  not conform t o  t h a t  of a typ ica l  polymeric S c h i f f ' s  base and therefore  

The 

was not inves t iga ted  fu r the r .  

B. Catalyzed Systems. 

1 .  Monofunctional System? 

The r eac t ion  of I V . A . l  was repeated using toluene su l fonic  ac id  as a 

c a t a l y s t  and a small y i e l d  of a s o l i d  yellow product, m.p. 137"C, which is 

not benzyl a n i l i n e ,  &X=N(b, (equation 9) , .  and therefore  t h e  r eac t ion  was 

not inves t iga ted  fu r the r .  

- 11 - 



2. Polyfunctional System. 

The reaction of ' . I V . A . P  was repeated with catalyst and a polymeric 

product of a darker brown color than that obtained in the uncatalyzed system 

(IV.A.2) was obtained. However, the IR spectra is not that of a typical 
H 

poly-Schiff 's base, though there were indication of a few -&=NB)- bands. 

In general, it may be concluded that the reaction given by equation 9 is 

not satisfactory for the preparation of either simple or polymeric Schiff's 

bases. 

V. Intermediates Prepared and in Preparation. 

It tias pointed out in Progress Report No. 1 that the project has re- 

quired the syntheses of a large number of intermediates; and a number of 

them have already been reported. This phase of the work has continued with 

the synthesis of some new compounds as well as improvements in the syntheses 

of some of the compounds previously reported. They are: 

A. Qu inone Schiff's Base Derivatives. 

1. Quinone Dianil, eeo, m.p. = 180-181OC. 

This monomer was prepared by mild oxidation of N,N'-2-phenylenediamine 

with quinone as previously reported and has now been purified to satis- 

factory standards for use in polymerization studies. 

Analysis: Theoretical: C, 83.72; H, 5.43; N, 10.85. 

Found: C, 83.83; H, 5.47; N, 10.72. 

2. Naphthaquinone Dianil. 

The Schiff's base of naphthaquinone and aniline was prepared by the 

direct condensation of 1,4-naphthaquinone with aniline by the new azeo- 

tropic method: 
N-O 

m.p. 189-192°C. 

It will be purified to suitable standards for future use. 

- 12 - 



B. Glyoxal Schiff’s-Base Derivatives. 

Attempts to prepare the unsubstituted monomer, 

were unsuccessful, 

Experiments involving direct condensation of aniline with glyoxal 

repeatedly resulted in polymeric material. Two substituted compounds of 

suitable purity, however, have now been successfully prepared using high 

dilution techniques. These compounds were 

m.p. 204OC. 

Analysis: Theoretical : C, 70.00; H, 5.00; N ,  11.67. 

Found : C, 70.31; H, 5.12; N ,  11.48. 

2) c H 3 O e N = C H  - C H = N e  OCH3 m.p., 154-156OC. 

Analysis: Theoretical: C, 86.6; H, 7.80; N, 5.60. 

Found: C, 86.1; H, 8.41; N, 5.79. 

These results show that compounds of this general type may be prepared 

by the introduction of appropriate substituents on the benzene ring of 

the aniline. 

C. Benzidine-Type Monomer. 

The Schiff’s base GE benzidine and benzeldehyde was prepared by direct 

condensation in absolute benzene by the new azeotropic method: 

~ C H = N ~ N = C H ~ ,  m. p . , 230-231 O C  . 
Analysis: Theoretical: C, 86.6; H, 7.80; N ,  5.60. 

Found: C ,  86.1; H, 8.41; N ,  5.79. 

Further purification of this monomer is in progress. 

D. Pyridine Schiff’s-Base Derivatives. 

The Schiff’s base of 2-amino pyridine and terephthaldehyde was prepared 

by direct condensation in absolute benzene, by the new azeotropic method. 
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@=CXC>CH=NG, - m,p., 204OC. 

Analysis: Theoretical: C, 75.52; H, 4.90; N, 19.58. 

Found: C, 75.90; H, 5.33; N, 18.82. 

This type of a m ~ n m e r  should supply its own base catalysis in a poly- 

merization reaction, and if this proves to be an important consideration, 

additional monomers of the type can be made easily. 

E. Ketone Dianils. 

A typical ketone dianil is, \ C = N 0 N = c 3 .  This class of com- 
CH 

CH3’ - 3 

pounds is desired for investigation to assure broad coverage of the Schiff’s- 

base-exchange reaction. 

Three methods were used to prepare this compound, using techniques 

described in the chemical and patent literat~rel-~ for the preparation of 

ketone monoanil. The first method tried was the condensation of acetone 

and 2-phenylene diamine (ref. 1). The second method tried was the reaction 

of 2,2=dimethoxypropane with e-phenylene-diamine (ref. 2). The third method 

attempted was the preparation of cyano intermediate 

which would subsequently produce the ketone dianil by elimination of HCN 

(ref. 3) .  None of these methods was successful and starting material was 

recovered in each case. The most promising of the methods appeared to be 

the reaction of the acetal with the primary amine (ref. 2) but at this time, 

it has not been explored further. 

F. Anthraquinone Dianil. 

1. U . S .  Patent 2,218,587, October 22, 1940. 
2. Berichte 29, 2932 (1896). 
3. Eiochimir, - 22, 183 (1957). 
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Three attempts were made t o  prepare t h i s  compound, without success. 

a d i r e c t  condensation with a n i l i n e  i n  benzene was t r i e d .  This r e s u l t e d  i n  

the  recovery of s t a r t i n g  material. 

t he  r eac t ion  attempted a t  t h e  bo i l ing  poin t  of xylene; again s t a r t i n g  

material was recovered. Finally,  an  organic c a t a l y s t  was s u b s t i t u t e d  for 

the  inorganic c a t a l y s t ,  and t h i s  too w a s  unsuccessful and s t a r t i n g  material 

F i r s t ,  

Then a c a t a l y t i c  system was s tudied  and 

was recovered. 

G. Triazine-Type Sch i f f ' s  Base Monomers. 

Four attempts were made t o  prepare the  S c h i f f ' s  base of benzoguanamine 

F i r s t ,  a d i r e c t  condensation of benzaldehyde with benzoguanamine was 

attempted using a z inc  chloride c a t a l y s t  and benzene so lvent .  

toluene su l fon ic  ac id  was used as a c a t a l y s t  and xylene f o r  t h e  solvent.  

A dehydrating agent was then t r i e d  (Ac20) t o  assist i n  removal of the  H20 

of reac t ion .  

ch lo r ide  was attempted. F ina l ly ,  a m e l t  r eac t ion  of o-chloro benzaldehyde 

and benzoguanamine was t r i e d .  

e i t h e r  polymeric cx s t e r t i n g  materials. 

Then 2: 

Next a reac t ion  of benzaldehyde with benzoguanamine hydro- 

I n  a l l  cases, t h e  products obtained were 

H. Improved Process for Preparing Monomers. 

A new procedure previously reported as under study is  now being used 

t o  prepare monomers i n  l a rge r  q u a n t i t i e s  with near quan t i t a t ive  y i e l d s .  

The procedure used involves t h e  removal of H20 during t h e  course of 

t he  r eac t ion  by azeotropic d i s t i l l a t i o n  and trapping the  condensed water i n  

a Dean-Stark t r ap .  Large batches of t h e  following monomers, a t o  d,  were 

prepared by t h i s  technique and pu r i f i ed  t o  a high degree of pu r i ty  for. the 

d e t a i l e d  polymerization s tudies  soon t o  be undertaken. 
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Monomers Proposed i n  High Purity.  

I. Transamidation. 

The Schiff  ' 8  base exchange r eac t ions  are r e l a t e d  t o  transamidation. 
I 

Limited, preliminary experimentation has been done with t h e  expectation 

t h a t  knowledge of t he  transamidation mechanism w i l l  be usefu l  i n  i n t e r -  

p re t ing  the  d a t a  of the  Sch i f f ' s  base reac t ion .  

4 The work of Klamann on the  transamidation of benzamide with a n i l i n e  

hydrochloride was repeated. 

absence of a c a t a l y s t  gave benzanilide in up t o  80% y i e l d .  

The reac t ion  of benzamide with a n i l i n e  i n  the 

The r eac t ion  of benzamide with p c h l o r o a n i l i n e  was  a l s o  successful 

and gave 4'-chlorobenzanilide i n  about 50% y ie ld .  Both of these reac t ions  

w e r e  c a r r i e d  out  by mixing the  reagents and hea t ing  i n  t h e  absence of oxyges: 

t o  180-200OC. 

The transamidation of benzamide with E-n i t ro-an i l ine  was a l s o  t r i e d  

and w a s  unsuccessful even with a c a t a l y s t .  Both a Lewis  ac id ,  z inc  ch lor ide ,  

and a proton ac id ,  HC1 were used. 

A p e r s i s t e n t  problem i n  a l l  of these cases, but  e spec ia l ly  in t h e  case 

of t he  n i t r o - a n i l i n e  reac t ion ,  has  been t h e  dehydration of benzamide t o  

benzon i t r i l e .  Perhaps t h i s  could be overcome by using N-methylbenzamides. 

4 Klamann's work a l s o  included a translmidation r eac t ion  with phthal- 

imide and an i1  ine  hydrochloride. This r e a c t  ion was repeated using a n i l i n e  

4. D. Klamann, Monatsh. f u r  Chem., 84, 925 (1923). 
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r a t h e r  than a n i l i n e  hydrochloride and phtha lan i l  was obtained i n  about 

80% y ie ld .  It is l i k e l y  t h a t  t h i s  r eac t ion  goes through t h e  following 

-- 
which is  r e l a t e d  somewhat t o  the mechanism w e  propose f o r  t h e  S c h i f f ' s  

base exchange. 

V. Sumerv and Conclusions. 

The inves t iga t ions  performed between the  period of August 6, 1963 

and November 15, 1963 have augmented the  r e s u l t s  reported on August 6, 1963. 

A number of o the r  new syntheses f o r  Sch i f f ' s  bases were discovered, and 

augmented NASA poss ib le  patent app l i ca t ion  s t r u c t u r e  from about t h i r t e e n  

previously reported t o  seventeen, t he  increase  r e s u l t i n g  from four new 

a c e t a l  r eac t ions  discovered, namely: 

14. Acetals with Aromatic Amines; 

15. Acetals with Aromatic Amine S a l t s ;  

16. 

17. 

Acetals with N-Acyl Aromatic Amines; 

Acetals with Non-Polymeric S c h i f f ' s  Bases. 

These reac t ions  were proven f i r s t  i n  non-polymeric systems and they were 

shown t o  be appl icable  t o  the  synthes is  of t h e  type of polymers proposed 

under t h i s  p ro jec t .  I n  t h e  s tud ie s  completed, a preliminary understanding 

of t he  mechanism was derived from some k i n e t i c  experiments which ind ica t e  

- 17 - 



. t h a t  some der iva t ives  of the  aldehyde and some de r iva t ives  o f . t h e  amines 

favor the  ex is tence  of intermediates which faci l i ta te  t h e  production of t he  

desired polymers. 

reac t ion  of the aldehyde and a n  acyl  amide without success. 

be l i e f  t h a t  t he  permutations possible  f o r  syntheses of Sch i f f ' s  bases have 

been bracketed and accordingly, NASA's patent  pos i t i on  has been adequately 

protected.  Some preliminary work on non-polymeric systems necessary t o  

back up OUT knowledge on the  polymeric systems is still i n  progress and 

should be completed by December 1, 1963, a f t e r  which concentrated e f f o r t  

can be given t o  de t a i l ed  polymerization s tud ie s .  

An attempt was made t o  extend t h i s  reasoning t o  the  

It is our 

The research schedule f o r  the next period is given i n  Item V I .  

V I .  Research Planned f o r  the  Period November 15. 1963 t o  January 31, 1963. 

The research plan remains s u b s t a n t i a l l y  unchanged from t h a t  presented 

i n  S ta tus  Report No. 1 except f o r  items which have been completed. 

these  rev is ions ,  i t  is planned t o  continue t o  make a s  much progress as 

poss ib le  on the following plan, with no hope for its completion wi th in  

the  present  period of the grant: 

With 

1) Begin the  de t a i l ed  polymerization s tud ie s  involving (a) the  contraa'i 

of t he  various methods of producing the  conjugated polymers, (b) the  k i n e t i c s  

and mechanism of t he  polymerization reac t ion ,  (c) the  establishment of 

appropr ia te  methods f o r  determining the  molecular weight of the polymers 

obtained ; 

2) Synthesize pure monomers and intermediates required f o r  research 

on t h e  p ro jec t ;  

3) Undertake i n i t i a l  s tud ies  with one or more of the  conjugated poly- 

mers t o  determine t h e  l i m i t  of t he  degree of polymerization a t  which the  

polymer is s t i l l  so luble ,  and/or fus ib l e ,  and a t  which s t age  it can still 

be fabr ica ted .  Then extend the study t o  s o l i d  phase polymerization of 
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these intermediates and establish the conditions required to obtain maximum 

physical properties ; 

4) Start to explore the semiconductor properties of the polymers. The 

conjugated polymers of this project are not only highly heat-resistant but 

also organic semiconductors, a property which we anticipated and which now 

has been confirmed. 

Our concepts include the introduction of electron-withdrawing and 

electron-donating groups on the segments of the polymer. 

will attempt the synthesis of a few such substituted polymers to compare 

their semiconductor properties with the unsubstituted parent polymers. 

Most probably, we will attempt the synthesis of one or both of the 

following polymers : 

Accordingly, we 

~ H C  ~ C H = N Q N ~ ~  
2 

for comparison with the parent polymer, 

Some of the studies already made on non-polymeric Schiff's bases 

reaction with X-substituent groups will be applicable and most useful in 

this particular phase of this research. 
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